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Preparation of CuI single crystals was undertaken to avoid the limited grain size and random in-plane orientation in previously presented CuI thin fi lms. The crystals exhibited hexagonal or triangular habit from slow growth in saturated acetonitrile solution ( Figure 1 a) . This is indicative of expression of threefold or sixfold planar symmetry in the top faces of these crystals suggestive of (111) orientation. For surface analysis by low energy electron diffraction (LEED), crystals were mounted on Ta sample plates and loaded into UHV where diffraction patterns were collected without any surface preparation. LEED showed a hexagonal arrangement of spots consistent with a 1 × 1 (111) pattern with no additional spots at lower energies (Figure 1 b) . Additionally, X-ray diffraction (XRD) patterns were recorded (in ambient conditions) after careful alignment to the surface normal of the crystal and only {111} refl ections were observed (Figure 1 c). Atomic force microscopy (AFM) images (collected in ambient air) showed that the top faces were fl at with 60° rotational symmetry in their step edge arrangement ( Figure 2 a, b). The combination of these experimental observations established that the crystals are of high quality and possess large exposed (111) top surfaces.
Thin fi lms (50 nm thickness) of VOPc were prepared on these surfaces by evaporation at elevated substrate temperature ( T sub = 155 °C). To determine if growth at this temperature resulted in any changes to the CuI single crystal, a control experiment was performed in which the crystal was annealed for 1 h at growth temperature. The resulting LEED pattern was unchanged suggesting no change in the surface crystal structure ( Figure S1 , Supporting Information) in agreement with previous high-temperature structural studies. [ 13 ] The crystal structure and surface morphology of the resultant VOPc fi lms were analyzed using XRD and AFM, respectively. Diffraction patterns ( Figure 3 a) exhibit only a single peak which can be indexed as (132) using the VOPc single crystal structure and is the only feature differentiating the VOPc/CuI pattern from that of the bare CuI (111) crystal. In order to ascertain whether a single orientation of VOPc was present, Rietveld refi nement was undertaken on the VOPc/CuI XRD data. The CuI and VOPc were both fi tted with March-Dollase preferred orientation with a March factor of 0.001 (corresponding to 99.9% orientation) around the CuI (111) and VOPc (132) directions, respectively ( Figure S2 , Supporting Information). [ 14, 15 ] The lack of any other peaks (even those with higher structure factors) which would be expected from the isotropic VOPc powder pattern confi rms a singly oriented fi lm. The (132) plane of the VOPc structure corresponds to a molecular orientation in which the ligand plane of the molecule is normal to the surface as demonstrated in Figure 3 
Structural templating is a well-established method to infl uence the morphologies and structures of organic semiconductor thin fi lms and therefore control their electronic and physical properties. [1] [2] [3] [4] As such both inorganic and organic thin fi lms have been employed as structural templating layers to improve device parameters. [5] [6] [7] Copper (I) iodide (CuI) has shown recent promise as an evaporable templating layer for small molecule photovoltaic applications. [ 8 ] Our recent work has revealed the structure of highly crystalline fi lms of CuI and their effects on subsequently deposited thin fi lms of planar and nonplanar metal phthalocyanines (MPcs). [9] [10] [11] When prepared as a thin fi lm at ambient and elevated substrate temperatures we have shown that CuI adopts a (111) orientation on amorphous SiO 2 , which promotes a substrate parallel molecular plane in planar MPc molecules. [ 9 ] Those data were obtained on CuI (111) layers which exhibit a high degree of orientation in the out-of-plane direction, but in-plane orientation is essentially random. The limitation of such disordered systems has been demonstrated by the observation of two polymorphs in iron phthalocyanine layers grown at high temperature on microstructured fi lms of CuI. In that work, the presence of {100} crystal planes on the exposed sides of dispersed (111) oriented crystallites was responsible for the observed behavior. [ 10 ] Therefore, the most ideal system in which to study the effect of the individual crystal surfaces upon growth of thin fi lms is an appropriately oriented single crystal.
In this paper, we present the growth of CuI crystals from solution which have large faces corresponding to the (111) crystal plane of the CuI single crystal structure. [ 12 ] These high surface quality crystals are employed as substrates for growth of vanadyl phthalocyanine (VOPc) and unlike previously reported work (where multiple distinct orientations were measured) only one crystallographic orientation is observed. Images of the VOPc/CuI fi lm from AFM (Figure 2 c,d) show isolated island morphology consistent with a Volmer-Weber growth mode. [ 16 ] Crystallites show combinations of square symmetry in their projected shape; each edge is close to orthogonal to the nearest neighbor. In contrast to the AFM images acquired in recent work on high-temperature templating of VOPc, only one crystallite morphology is observed in the region imaged in these experiments. [ 11 ] Although not exhaustive in its scope this comparison suggests that the additional morphological features observed in previous images are resultant from additional crystallite orientations. More explicitly, the implication is that differing orientations of VOPc produce islands with different morphologies. The effect of the exposed edges of individual CuI (111) crystallites upon a phthalocyanine overlayer has also been demonstrated. [ 10 ] Together these observations imply that the grain boundaries and other macroscopic defects in polycrystalline thin fi lms promote alternative orientational confi gurations which in turn lead to the additional peaks in XRD patterns of VOPc on oriented polycrystalline substrates. These data are highly suggestive of the promotion of a single molecular orientation in the VOPc overlayer by the single crystalline CuI (111) surface.
High surface quality CuI crystals were synthesized from solution and characterized using a combination of imaging and diffraction techniques, revealing (111) oriented plate-like crystal morphology. These single-crystal surfaces were then employed as substrates for the growth of thin fi lms of the nonplanar molecule VOPc. Clear differences in morphology and crystal structure were observed in comparison to previously published results employing polycrystalline CuI (111) fi lms on amorphous SiO 2 substrates. The origin of these differences is interpreted as the lack of grain boundaries in the single-crystal substrate, which intrinsically had in-plane and out-of-plane order, and the proposition that the (111) oriented CuI single crystals are a more suitable model system for the CuI (111) surface. Only a single peak is observed in the corresponding XRD pattern which suggests only a single molecular orientation with respect to the substrate plane in the thin fi lm. These observations allow a deeper understanding of the templating interaction between the molecular fi lm and the underlying CuI (111) crystal surface.
Experimental Section
Copper iodide (98% pure, Sigma-Aldrich, UK) was used to create saturated solutions in hot (60 °C setting on a Corning PC-420D hotplate) acetonitrile without further purifi cation. These solutions were fi ltered using 0.22 µm (MILLEX DURAPORE) PVDF syringe fi lters and placed in a Pyrex crystallizing dish covered with Parafi lm which was pierced at a single point with a syringe needle to allow solvent vapor to escape. This assembly was placed on a laboratory hotplate set at 60 °C in a vibration-free environment and allowed to rest for 168 h. This produced CuI crystals which are pictured in the main text which and were mounted to Ta sample plates (using a minimum amount of Ag-loaded epoxy) for use in UHV. Photographic images were captured using an Apple iPhone 5c "smartphone" with a graduated calliper as scale guide. VOPc (85% pure, Acros Organics, BE) was triply purifi ed by thermal gradient sublimation [ 17 ] and the resulting crystals were used for growth from a UHV evaporation cell (Karl Eberl GmbH) at 370 °C at a rate of 0.3 Å s −1 . VOPc fi lms were grown with an elevated substrate temperature ( T sub = 155 °C) in a custom built multichamber UHV system with a base pressure better than 3 × 10 −10 mbar. The substrate temperature was measured using a K-type thermocouple mounted close to the sample and calibrated using an optical pyrometer. LEED patterns were collected with a SPECTALEED (Omicron) rear-view MCP-LEED with nanoamp primary beam current. Images of these patterns were captured using a digital CCD camera interfaced to a personal computer. Thin fi lm XRD patterns were obtained using a Panalytical X'Pert Pro MRD diffractometer with monochromatic Cu Kα 1 radiation. Atomic force microscopy (AFM) images were recorded using an MFP-3D (Oxford Instruments Asylum Research, Santa Barbara, USA) in AC mode (tapping mode) using Olympus AC240-TS silicon tips.
Adv. Mater. Interfaces 2015, 2, 1400540 www.advmatinterfaces.de www.MaterialsViews.com Figure 3 . a) An XRD pattern of 50 nm (i) VOPc/CuI (111) and (ii) the bare CuI crystal along with c) an expanded view around the (111) peak. A schematic of the inferred molecular orientation with respect to the crystal surface is presented in (b).
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